It has been shown recently that the introduction of an unphysical ǫ-scalar mass m is necessary for the proper renormalization of softly broken supersymmetric theories by dimensional reduction (DR). In these theories, both the two-loop β-functions of the scalar masses and their one-loop finite corrections depend onm 2 . We find, however, that the dependence onm 2 can be completely removed by slightly modifying the DR renormalization scheme. We also show that previous DR calculations of one-loop corrections in supersymmetry which ignored them 2 contribution correspond to using this modified scheme.
The usual regularization procedure for the renormalization of softly broken supersymmetric theories is dimensional reduction [1] since it respects supersymmetry (SUSY), modulo possible high-loop ambiguities which will not concern us here [2] . In this regularization, an originally 4-dimensional vector field is split into two fields: the first D = 4 − 2ǫ components (a D-dimensional vector) and the last 2ǫ components (ǫ-scalars). All momentum integrals are D-dimensional. The ǫ-scalars are differently renormalized in non-supersymmetric theories, and their interactions, called evanescent couplings, should in general be treated as independent of the corresponding interactions of the vector fields.
In the renormalization of softly broken supersymmetric theories, all the dimensionless evanescent couplings are related to the vector couplings by SUSY and are therefore not independent. For the soft SUSY breaking terms, however, there is one possible independent evanescent coupling, the massm of the ǫ-scalars.
† Moreover, we cannot setm = 0 in the renormalization group analysis [3] , and the two-loop β function of scalar masses in the DR scheme (dimensional reduction with modified minimal subtraction [4] ) depends explicitly onm 2 . In this paper, however, we will show that them 2 dependence can be removed from both the two-loop β functions of the physical couplings and the corresponding one-loop finite corrections by a slight modification of the renormalization scheme. Therefore in this modified scheme we need not consider the explicit value ofm 2 .
We first present the problem of the ǫ-scalar masses. Let us consider a super- . The superpotential W and the † If there is a chiral multiplet which transforms according to a representation of the gauge group contained in the symmetric product of two adjoints, then there is also a cubic interaction which must be considered [3] . This possibility does not arise in the supersymmetric standard model, however, so we ignore it here for simplicity. soft supersymmetric breaking terms L sof t are
and
respectively. (We assume there are no gauge singlet chiral supermultiplets so there are no terms linear in φ.) As shown in Ref. [3] , use of dimensional reduction means that we have to add an independent evanescent coupling
the mass term for the ǫ-scalars, to the usual L sof t . Here the index σ runs over the last 2ǫ components of the original 4-dimensional vector index.
The ǫ-scalar mass term gives contributions to the next-to-leading order corrections to the scalar masses. Firstly, the two-loop β function for m 2 is given by
Here the C A (i) are the eigenvalues of the Casimir operator defined by
C A (V ) is the eigenvalue on the adjoint representation of G A , and C A (r) which appears in the trace terms denotes the eigenvalue of C A on the irreducible representations r appearing in the trace. T A (Φ) is the Dynkin index
and d(G A ) is the dimension of G A .
In fact the proper inclusion of the ǫ-scalar mass and its counterterms resolves the discrepancy between the result for β (2) (m 2 ) in [3] and those in the original versions of [5, 6] .
Secondly, the one-loop pole masses of scalars also depend onm 2 . The general expression is:
Here Π i (q 2 , m Since the ǫ-scalar mass is not an observable, the results (4) and (7) appear at first sight somewhat paradoxical. This issue was addressed in Ref. [7] , where it was proved that DR is related to the standard dimensional regularisation scheme (MS) [8] by coupling constant redefinition. It follows that the S-matrix is identical in the two schemes. Nevertheless, them 2 dependence is an inconvenience for the DR scheme.
Although it is safe simply to imposem = 0 for calculations at a fixed renormalization scale, this condition is unstable under the renormalization group and may not be used in the renormalization group analyses. This is obvious from the one-loop β function
which is inhomogeneous with respect tom 2 .
One could of course use the MS scheme, which is manifestlym 2 -independent, but MS does not respect SUSY and so a much more complicated treatment of the physical couplings would be entailed. What we would like is the best of both worlds:
a prescription which respects SUSY and yet contains nom 2 dependence. One might expect that there is such a prescription, sincem 2 is an unphysical artifact produced by dimensional reduction. We find that this is indeed the case. Them 2 dependences of (4) and (7) are removed by a simple modification of the renormalization scheme from the DR scheme. Let us consider a new scheme (DR ′ ) defined as
while all other couplings are not modified from DR. In fact, m 2 | DR ′ is the same as the corresponding object in the dimensional regularization scheme (MS). The reason for this becomes clear with the realisation that we could arrive at DR ′ starting from MS, by making the redefinitions necessary to effect the change from MS to DR for all couplings except the scalar mass (m 2 ) j i . These redefinitions were given in [9] . Since MS is manifestlym 2 -independent, it follows that this scheme (DR ′ ) will be too.
In the DR ′ scheme, the two-loop β function for m 2 becomes
This β (2) DR ′ (m 2 ), which has nom 2 dependence, agrees with the result of Ref. [5] . Eq. (10) follows from (8), (9) , and the one-loop β function [10] (4π)
The one-loop pole masses of scalars, given by
are alsom 2 independent.
The sets of (m 2 ,m 2 ) DR which give the same m 2 | DR ′ are of course physically equivalent. By comparing (12) with (7), we can also see that all the previous calculations of one-loop mass corrections in SUSY, which have ignored the contribution of ǫ-scalar mass, are then justified as calculations in this DR ′ scheme.
In summary, we have found that the ǫ-scalar mass dependence of the two-loop β functions and of one-loop finite corrections can be completely removed by a slight modification of the renormalization scheme from the DR scheme. We have also shown that the previous calculations of the one-loop mass corrections which have ignored the ǫ-scalar mass contribution are justified as being (unwittingly) calculations in this new renormalization scheme, DR ′ .
